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Assessment of the relationship between
Intraabdominal fat thickness and the
aortomesenteric angle and distance using
computed tomography
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SUMMARY
Objective: The aim of this study is to evaluate the effect of visceral fat thickness on the distance and angle between the
superior mesenteric artery (SMA) and the aorta in the normal population.
Method: The aortomesenteric distance and retroperitoneal fat thickness (RFT) were measured on an axial plane, and the
aortomesenteric angle and mesenteric fat thickness (MFT) were measured on a sagittal plane using multidetector
computed tomography (MDCT). The relationships between MFT, RFT and aortomesenteric angle and distance were
evaluated.
Results: There was a weak/moderate, significant and positive correlation between aortomesenteric angle and MFT and
RFT (r = 0,396, p<0.001 and r = 0,494, p<0.001, respectively). There was also a moderate, significant and positive
correlation between aortomesenteric distance and RFT and MFT (r = 0,607, p<0.001 and r = 0,633, p<0.001, respectively).
Conclusion: The aortomesenteric distance and angle correlate with the retroperitoneal and mesenteric fat thickness.
According to the results, retroperitoneal and mesenteric fat thickness may be used as an CT marker to help diagnose
suspected SMAS in addition to the measurements of the aortomesenteric distance and angle.
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INTRODUCTION

Superior mesenteric artery syndrome (SMAS) is a
rare gastrovascular disorder that results in proximal
intestinal obstruction. Affected patients are
characterized by a decreased angle between the
overlaying superior mesenteric artery (SMA) and
underlying abdominal aorta, thus resulting in
compression of the third portion of the duodenum.
1

This syndrome typically occurs secondary to rapid
weight loss. Significant weight loss decreases the
amount of retroperitoneal fat between the superior
mesenteric artery and the aorta, thus removing a
major source of cushioning for the duodenum and
allowing duodenal compression. 2 Although there
are several studiesthat mention the significance of
the angle and distance between the SMA and the
aorta in the etiology of SMAS, **° very few studies
have been conducted to evaluate the association
between the angle of SMA and the amount of
intraabdominal fat in the normal population. 12 In
such studies, body mass index (BMI) has
frequently been used to estimate the amount of
abdominal fat. * 12 However, BMI provides only
an indirect assessment of adiposity, as BMI cannot
differentiate between visceral and subcutaneous
fat. ** 14 Visceral abdominal fat measured with
cross sectional imaging modality such as computed
tomography (CT) or magnetic resonance imaging
(MRI) represents the amount of abdominal fat
directly and is more accurate than BMI. *>% Thus,
the aim of the present study is to evaluate the effect
of visceral fat thickness on the distance and angle
between the SMA and the aorta in the normal
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population  using  multidetector = computed
tomography (MDCT).

METHODS

Control and patients group were retrospectively
selected among patients who were examined in our
clinic with abdominal aorta computed tomography
for various symptoms between 2015 and 2016. The
patients’ age, sex and clinical findings were
obtained from the hospital database. The patients
who had a history of abdominal surgery, suspect
symptoms of SMAS, renal atrophy or hypertrophy,
retroperitoneal cyst/ mass and abdominal aortic
aneurysm at the level of the SMA origin were
excluded.

CT examinations were carried out using 8- or 128-
slice MDCT scanners (LightSpeed Ultra; GE,
Milwaukee, USA and GE Optima™ CT660; GE
Healthcare) with the patient lying in a supine
position. The parameters that were used in axial
consecutive sections are respectively as follows:
tube voltage: 100 kVp; tube current:290-398 mA,
gantry rotation: 504-665ms; and slice thickness:
1.25mm.

Analysis of the images was performed using a
computer monitor with Picture Archiving and
Communication System (PACS) Workstation
(Sectra AB, Linkoping, Sweden), and sagittal or
oblique-sagittal multiplanar reconstruction (MPR)
images were created for assessment of the angle
between the aorta and the SMA (Figure 1). The
distance between the SMA and the aorta was
measured on axial CT sections at a level where the
duodenum was crossing (Figure 2).
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Figure 1: The measurement of the angle
between the aorta and the SMA on a sagittal
CT image

The amount of abdominal fat was expressed as
mesenteric fat thickness (MFT) and retroperitoneal
fat thickness (RFT). MFT was measured on the
sagittal plane at the level of L3-L4 vertebrae. 2
(Figure 3) RFT, which is considered a surrogate for
visceral adipose tissue quantity, was quantified by
measuring the vertical distance between the left
posterior renal capsule and the junction of the

106,7. mm

Figure 2: The measurement of aortomesenteric distance on an
axial CT image

abdominal wall and para-spinal musculature at the
level of the left renal vein (Figure 4). All
measurements were conducted by one radiologist,
who had 14 years of experience in abdominal
radiology.

Figure 3: The measurement of the mesenteric fat thickness on a sagittal CT image
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Figure 4: The measurement of the retroperitoneal fat thickness on an axial CT image

Statistical Analysis;

The quantitative variables were expressed as mean
+ standard deviation, and the qualitative variables
were expressed as count and percentages.
Independent sample t-tests were used to compare
the continuous normal data between/among
groups. The Pearson correlation coefficient was
used to determine the strength and direction of the
linear relationship among continuous variables.

Table 1. General distributions of variables

P values below 0.05 were accepted as statistically
significant. Analyses were performed using SPSS
19 (IBM SPSS Statistics 19. SPSS inc., an IBM
Co., Somers, NY).

RESULTS

In total, 82 individuals were included in the study.
The general distribution of variables is presented in
Table 1.

Variables Min. Max.
Gender (Female(n%)/Male(n%)) 37(45,1)/45(54,9)

Age (Mean+SD) 56,41+12,94 20,00 73,00
Distance (Mean+SD) (mm) 18,84+5,61 10,00 28,30
RFT (Mean+SD) (mm) 14,55+7,8 2,00 35,00
Angle (Mean+SD) (degrees) 56,26+14,92 20,00 70,40
MFT (Mean+SD) (mm) 46,98+22,23 11,40 106,70

Table 2 summarizes the differences between the
male and female group regarding quantitative
variables. According to the results, there was no

statistically significant difference between the
groups regarding age, aortomesenteric distance,
angle of SMA, RFT and MFT (p>0.05).



Table 2. Distributions of variables by gender

679

Gender p
Female Male
Age 53,84+12,51 58,53+13,04 0,102
Distance (mm) 18,68+5.,61 18,98+5,68 0,813
RFT (mm) 13,11£8,75 15,74+6,8 0,130
Angle (degrees) 55,88+14,3 56,58+15,57 0,834
MFT (mm) 47,88423,7 46,23421,18 0,741

Table 3 shows the correlation among
variables.According to the results, there was a
weak/moderate, significant and positive correlation
between aortomesenteric angle and MFT and RFT
(r = 0,396, p<0.001 and r = 0,494, p<0.001,
respectively). There was also a moderate,
significant and positive correlation between

Table 3. Correlation among variables

aortomesenteric distance and RFT and MFT (r =
0,607, p<0.001 and r = 0,633, p<0.001,
respectively).

There was a moderate, significant and positive
correlation between RFT and MFT (r = 0,409,
p<0.001).

Distance RFT Angle

r 0,607
RFT (mm)

p <0,001

r 0,516 0,494
Angle (degrees)

p <0,001 <0,001

r 0,633 0,409 0,396
MFT (mm)

p <0,001 <0,001 <0,001
DISCUSSION provides protection to the duodenum from

SMAS are an uncommon cause of small bowel
obstruction. In this syndrome, the third part of the
duodenum is compressed between the SMA at its
origin and the abdominal aorta due to decreased
angulation, which leads to partial or complete
obstruction. 2 The SMA originates from the
anterior aspect of the aorta, at the L1 and L2 levels
of the vertebral body, just inferior to the origin of
the celiac trunk and descends downwards at an
acute angle into the mesentery. Between the SMA,
in its ventral and caudal course and the aorta
running posterior and parallel to it, the
aortomesenteric angle is formed. * In normal
anatomy, the aortomesenteric angle and
aortomesenteric distance is 25°—60° and 10-28 mm,
respectively 824 and the results of the present study
were consistent with the literature in terms of the
aortomesenteric  angle and aortomesenteric
distance. The part of duodenum courses
posteroinferiorly in relation to the SMA. Normally,
the SMA is encased in retroperitoneal and
mesenteric fat and lymphatic tissue at its origin,
and this is important for maintaining a wide
aortomesenteric angle and distance, which

compression between the SMA and the aorta. Any
loss in retroperitoneal fat may reduce that angle and
lead to SMAS. %24 The incidence of SMAS reported
in some previous studies range from 0.1 to 0.3%;
however, the true incidence is unknown. ©

Several factors that affect the aortomesenteric
angle are listed. The most common is significant
weight loss, which leads to the loss of
retroperitoneal fat. SMAS are most commonly
associated with severe debilitating illnesses, such
as malignancy, malabsorption syndromes, AIDS,
trauma andburns. 2 Weight loss is not the only
factor responsible for SMAS. Surgical intervention
that distorts the anatomy can lead to this syndrome.
Corrective spinal surgery for scoliosis and
esophagectomy in are among the causes.
Moreover, congenital short ligament of Treitz
suspending the duodenum in an abnormally
cephalic position has also been reported in the
literature as a cause.  Females between that ages
of 10 to 40 years are more commonly affected.?
The patient may present with acute symptoms of
intestinal obstruction or, more commonly, with
chronic symptoms such as recurrent abdominal



pain with cramps, early satiety and postprandial
fullness. Sometimes, pain is aggravated by lying
supine and relief is obtained by lying in the knee
chest position; this maneuver increases the
aortomesenteric angle with subsequent relief of
bowel obstruction. -2

SMAS diagnosis is challenging and often delayed
due to its insidious onset. The diagnosis should be
suspected based on clinical presentation and
supported by radiological tests. Barium studies
may show duodenal dilatation and sometimes
gastric dilatation with slow gastroduodenojejunal
transit. Contrast-enhanced CT or MR angiography
enable visualization of the vascular compression of
the duodenum and precise measurement of the
aortomesenteric angle and distance. ° Recently,
MDCT with MPRs and CT angiography have

become valuable, noninvasive diagnostic tools. **
30

In the literature, there has been a limited number of
studies that assess the impact of the retroperitoneal
fat tissue on the angle and distance between the
SMA and the aorta in the normal population. %12
BMI was used to estimate the amount of abdominal
fat in these studies. *2 The studies found a positive
correlation between BMI and the aortomesenteric
distance and angle. However, previous studies have
shown that visceral abdominal fat, rather than BMI,
is mainly related to obesity disorders.}”?! Obesity
may be assessed by anthropometric measurements.
BMI, waist circumference, waist to hip ratio,
sagittal abdominal diameter and skinfold thickness
are the most commonly used parameters for these
types of measurements. ! Anthropometric
techniques are fast and convenient and correlate
well with abdominal fat. Therefore, they are used
in clinical practice as markers for visceral
adiposity. 1 However, they provide only an indirect
assessment of adiposity, as they cannot
differentiate between visceral and subcutaneous
fat.’> * There has been only one study that
evaluates the relationship between the amount of
intraabdominal fat and the aortomesenteric angle
and distance. *° Within this context, our study is the
second in the literature. In the first study, Ozbulbul
et al. found that the distance between the aorta and
the SMA significantly correlates with the visceral
fat area. However, there was no statistically
significant relationship between the angle and the
visceral fat area for males. We found a positive
correlation between the amount of abdominal fat
(expressed as MFT and RFT) and both the
aortomesenteric  angle and aortomesenteric
distance. Ozbulbul et al. found that males have a
greater proportion of visceral fat than females, but
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we did not find any differences according to gender
in the present study.

Evaluation of visceral fat has been conducted using
several imaging techniques, including CT, MRI
and ultrasonography. Of these methods, evaluation
using CT is the most useful and popular method. 3
321n our study, similar to Ozbulbul et al. we used
CT to evaluate the amount of visceral fat.’® While
Ozbulbul et al. used visceral fat area to assess the
amount of visceral fat°, we used RFT and MFT.

Our study has some limitations. First, the patients
were selected retrospectively. Second, the
measurements were performed by a single
researcher, and therefore there was no evaluation
for interobserver variability. Third, the study group
did not include any subjects with clinical findings
of SMAS.

CONCLUSION

The distance and angle between the SMA and the
aorta correlate with the retroperitoneal and
mesenteric fat thickness. According to this result,
retroperitoneal and mesenteric fat thickness may be
used as an CT marker to help diagnose suspected
SMAS in addition to the measurements of the
distance and angle between the aorta and the SMA.
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